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(57) ABSTRACT

Apparatus and Method for canceling or reducing voice
sounds produced during a conversation by the user of a cel-
lular telephone or other communication device such that other
persons close to the user cannot hear the users voice and 1s not
disturbed by the conversation.

31 Claims, 5 Drawing Sheets
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1
AUDIO PRIVACY APPARATUS AND METHOD

This application claims the benefit of U.S. Provisional
Application No. 61/001,990, filed on Nov. 6, 2007, entitled
Audio Privacy Apparatus and Method, which application 1s
hereby incorporated herein by reference.

TECHNICAL FIELD

This 1mvention relates generally to the field of reducing
sounds, and more particularly to the reduction of audible
conversational sounds that can be overheard by persons close
by but not parties to the conversation. A primary example 1s
the reduction or substantial elimination of such sounds occur-
ring during a cellular telephone conversation in public areas
such as a restaurant.

BACKGROUND

The advent of the ubiquitous cellular telephones often
results 1n loud conversations by a user that cannot only be
overheard, but may be both embarrassing and unwelcome by
persons 1n close proximity to the user. Although adherence to
the rules of common courtesy by cell phone users would
climinate much of the unpleasantness ol overhearing a private
conversation, oiten a person will recerve a call that 1s an
emergency or so important, the receiving party has no choice
but to answer or respond to the call and carry on a private

conversation when another person 1s 1n close proximity even
though they would rather that the conversation be private and
not overheard. The present invention provides apparatus and
methods to provide such privacy as well as away to reduce the
unpleasantness of being forced to hear conversations by dis-
courteous persons.

SUMMARY OF THE INVENTION

This reduction of sounds from a particular and localized
source, including but not limited to providing privacy while
carrying on a conversation in a public setting or otherwise 1s
generally solved or circumvented, and technical advantages
are generally achieved by the apparatus and method embodi-
ments of the present invention. The apparatus and methods
reduce sound waves that fall within a selected band of ire-
quencies at their source. A specific example 1s a human voice
or audio speaker providing sound waves at about 300 Hz to
about 3400 Hz. The Apparatus of the invention may be used
by 1tself to eliminate or reduce undesirable sounds, but 1s
especially useful when 1t works with a user device, such as for
example only, a cellular telephone, a Public Address System,
or some other type of a private two-way communication
device such as a Walkie Talkie.

Regardless of the specific application or use, the apparatus
will include a microphone or other device that recerves the
source sound waves and then generates first electrical signals
in response to and representative of the source sound waves.
The first electrical signals are then received by circuitry that
generates a second set or additional electrical signals also
representative of the source sound waves. Importantly, how-
ever, the generated additional electrical signals are inverted or
phase shifted by about 180 degrees with respect to the original
clectrical signals. An IC (integrated circuit) connected as a
signal 1nverter circuit that phase shifts the signals by 180
degrees 1s particularly useful for accomplishing this step.

The phase shifted or inverted additional signals are then
provided to a device, such as one or more audio speakers, for
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generating cancellation sound waves representative of the
phase shifted or additional electrical signals.

According to a preferred embodiment, the phase-shifted
signals are selectively amplified before being sent to the audio
speaker. More specifically, the cancellation sound waves are
inverted or generated to be 180 degrees out of phase with the
source sound waves and to have substantially the same ampli-
tude. The audio speaker or speakers are positioned as close to
the source of the sound waves as possible, but no farther away
than about 10 centimeters. Thus, the inverted or 180 degrees
out of phase sound waves and the source sound waves 1nter-
tere with each other so that the source sound waves are at least
partially canceled by the cancellation sound waves and the
cancellation sound waves are at least partially cancelled by
the source sound waves.

If the mvention 1s used 1 combination with a user elec-
tronic device such as a PA system, sound recorder, telephone,
or other communication device, the first electrical signals
generated by the microphone and representative of the origi-
nal or source sound waves are also sent to the normal circuitry
of the user device.

The foregoing has broadly outlined the features of the
present mnvention 1n order that the detailed description of the
invention that follows may be better understood. Additional
features and advantages will be described hereinafter, which
form the subject of the claims of the invention. It should be
appreciated by those skilled 1n the art that the conception and
specific embodiments disclosed might be readily used as a
basis for modifying or designing other structures or processes
for carrying out the same purpose as the present invention. It
should also be realized by those skilled in the art that such
constructions do not depart from the spirit or scope of the
invention as set forth in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present inven-
tion, and the advantages thereol, reference 1s now made to the
tollowing descriptions taken 1n conjunction with the accom-
panying drawing, in which:

FIG. 1A 1s a simplified circuit diagram 1llustrating an
embodiment of the invention;

FIG. 1B 1s another diagram 1llustrating another embodi-
ment of the invention;

FIG. 2A illustrates a preferred placement of the speaker
arrangement of the present invention when used with a com-
munication device, such as a cell phone;

FIGS. 2B and 2C 1llustrate the placement of a plurality of
speakers when the invention 1s used with a communication
device;

FIGS. 3A and 3B illustrate the interference of source sound
waves and sound waves generated by a speaker that are 180
degrees out of phase with the source sound waves to help
explain the operation of the invention;

FIGS. 4A and 4B 1llustrate the invention when used with a
handheld communication device and with a “blue-tooth” type
communication device respectively; and

FIG. 5 1s an exemplary circuit diagram for carrying out the
embodiments of FIGS. 1A and 1B.

DETAILED DESCRIPTION OF ILLUSTRATIV.
EMBODIMENTS

L1

The making and using of the presently preferred embodi-
ments are discussed 1n detail below. It should be appreciated,
however, that the present invention provides many applicable
inventive concepts that can be embodied 1n a wide variety of



US 8,170,229 B2

3

specific contexts. The specific embodiments discussed are
merely illustrative of specific ways to make and use the inven-
tion, and do not limit the scope of the mvention.

Referring now to FI1G. 1A, there 1s show a simplified block
diagram of the mvention. As shown, the invention includes a
microphone or other device 10 for recerving sound waves
from a sound source 12. In a preferred embodiment, sound
source 12 will be a person talking, but could be other sound
sources that are to be cancelled or substantially reduced. The
sound waves from the source 12 are then converted by the
microphone or other device 10 so as to generate electrical
signals that are inserted onto an electrical connection, wire or
line 14. The electrical signals are representative of the sound
waves from source 12. The electrical output signals from the
device or microphone 10 on wire or line 14 are then recerved
by the electrical circuitry 16 where they are inverted or oth-
erwise phase shifted by about 180 degrees. These inverted or
phase shifted signals are then provided on line 18 as a second
set or additional signals that are substantially the same as the
clectrical signals from the microphone 10 except that they are
inverted or phase shifted by about 180 degrees with respect to
the original electrical signals from microphone 10. Although,
other circuits that can shift the phase of the signals by about
180 degrees may be used, an Integrated Circuit (IC) con-
nected as a signal mverter 1s a very eflective, simple and
inexpensive choice. The inverted or phase shifted additional
or second set of signals are provided by circuitry 16 as an
output onto line 18 where they are transmitted to a speaker
arrangement 20. They are preferably amplified, such as by
way of amplifier 22 before being recerved by the speaker
arrangement 20. The speaker arrangement 20 then converts
the mverted or phase shifted amplified electrical signals to
cancellation sound waves that are substantially the same as
the sound waves from the original source 12, except the
cancellation sound waves from the speaker arrangement 20
will be about 180 degrees out of phase with the original or
source sound waves. Also as will be appreciated by those
skilled 1n the art, for effective cancellation of the source sound
waves, the cancellation sound waves should originate at a
spatial location very close to the same spatial location as the
original sounds or sounds to be cancelled. Therefore, speaker
arrangement 20 1s preferably located at a distance from
microphone 10 that 1s as close as possible, but less than about
a quarter wave length of the sound waves being generated by
source 12. This distance will preferably be less than about 8 to
10 centimeters and preferably less than about 2.5 centimeters
(1.e. one-quarter wavelength at 3400 Hz. The output volume
of amplifier 22 should be set so that the amplitude or volume
of the cancellation sound from speaker arrangement 20 is
substantially the same as the volume of the sound from source
12.

As an example of the placement of the speaker arrange-
ment 20, a cell phone or other communication device has a
microphone (that can also be used as microphone 10 of the
present invention) on the front side and at a bottom portion of
the cell phone as 1llustrated in FIG. 2A such that the user can
casily hold the speaker 11 of the device to his ear and speak
into the microphone 10. Thus, the user creates sound waves
that leave the users mouth and radiate or travel outward from
the mouth 12 of the user as represented by the solid concentric
circles 26a shown 1n FI1G. 2A. Therefore, to effectively cancel
the sound waves created by the user, (i.e. the source sound
waves) cancellation sound waves generated by the speaker
arrangement 20 should be located proximate the users mouth
so that they travel away from the speaker arrangement 20 1n a
similar pattern as 1s shown by dashed concentric circles 26b.
Therefore, when the cancellation sound waves generated by
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the speaker arrangement are inverted or phase shifted about
180 degrees with respect to the source sound waves and have
substantially the same amplitude the two sets of sound waves
interfere with and cancel each other so that they significantly
reduce any source sounds or cancellation sounds that can be
heard.

FIG. 3A 1s a graphic illustration of the interference
between a first and second set of sound waves that will cancel
cach other. The speaker 20 generates cancellation sound
waves (dashed concentric circles) and 1s illustrated as being,
spaced about V4 wave length 1n front of sound source 12 that
provides the original sound waves (solid concentric circles).
It will also be appreciated that if the source sound waves have
a specific tone or frequency and a specific amplitude, and the
set of cancellation sound waves generated according to the
teachings of this invention have the same amplitude and the
same tone, but are inverted or phase shifted 180 degrees, and
the cancellation sound waves (represented by dashed concen-
tric circles 26a) almost correspond or overlap exactly with the
source sound waves (represented by solid line concentric
circles 26b), the source sounds and the cancellation sounds
would both be completely cancelled. However, as will be
understood by those skilled in the audio arts, exact correspon-
dence or overlap of the two sets of sound waves 1s not neces-
sary to substantially reduce the resulting sounds. FIG. 3B 1s
similar to FIG. 3A, except 1t shows original sound source 12
and the speaker 20 side by side and spaced 4 wave length of
a lower frequency. In each Figure, it 1s seen that there is
substantial over lap of the sound waves which results 1n
noticeable cancellation of the two sounds. It will also be
appreciated by those skilled 1n the art that although cancella-
tion sound waves that are inverted or phase shifted 180
degrees with respect to the original or source sound waves 1s
preferred and 1s the most effective to eliminate sounds, it 1s
believed that a phase shift of 180 degrees plus 360 degrees
(1.e. a Tull wave cycle) or 180 degrees plus a whole number
multiple of wave cycles up to about eight or ten will also
cancel a portion of most sounds. More specifically, 1t will be
appreciated by those skilled in the art that sound waves cre-
ated by human speech vary significantly with respect to ire-
quency, volume and the duration or amount of time any spe-
cific frequency 1s produced by a voice. Therefore, the graphic
illustration of FIGS. 3A and 3B are not intended to represent
a long duration or continuous tone, but only a small specific
slice of a voiceprint that does have substantially a constant
amplitude and frequency. That been said, however, 1t will also
be appreciated that although a sampling of the sound waves of
human speech may vary significantly in frequency and ampli-
tude from a later sampling and assuming the human voice
producing the sound waves 1s in the frequency range of about
300 Hz to 3400 Hz., the number of frequency cycles that can
be 1nverted or phase shifted 1n., for example only) 100 of a
second will vary from between a low value of about 3 at 300
Hz to a high value of over 30 at 3400 Hz. Therefore, 1t 1s seen
that even at a sound wave frequency of around 300 Hz. a phase
shift of 180 degrees plus three cycles (1.e. 1080 degrees)
would still result 1n one complete sound wave or about 3 of
the sound wave cycles 1n the /100 of a second being cancelled.
The number of sound wave cycles that will be cancelled with
a phase shift of 180 degrees plus three cycles will, of course
increase as the frequency of these sound waves increases.
Thus, at higher sound wave frequencies some cancellation of
sound waves will occur even when the phase shit 1s as high as
180 degrees plus 8 or 10 cycles. Therefore, 1t 1s seen that
although an mmverted or a 180 degree phase shifted signal 1s
preferable and most effective, a general reference 1n this
application to an inverted signal or 180 degree phase shiit
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signal 1s mtended to also include 180 degree plus a whole
number of up to at least three cycles unless indicated other-
wise.

Further, although FIGS. 1A and 2A 1illustrate a speaker
arrangement 20 having a single speaker, 1t will be appreciated
by those skilled i1n the art that other speaker arrangements

may provide better sound cancellation. For example, rather
than a single speaker 20 as shown in FIGS. 1A and 2A, two or
more speakers and preferably three speakers may be used as
shown 1n FIGS. 1B, 2B and 2C. Further, the inverted or phase
shifted additional electrical signals representative of the
source sound waves may be provided to a plurality of ampli-

fiers, such as the three amplifiers 22a, 225 and 22¢ as shown
by dashed lines 1n FIG. 1B. Each of the three amplifiers drives

its own speaker 20a, 205 and 20c¢ respectively. Alternately, as
also 1llustrated 1n FIG. 1B, instead of the plurality of ampli-
fiers 22a, 226 and 22¢ a single amplifier 22 as 1llustrated by

solid lines may provide a single output to a plurality of speak-
ers 20. As shown 1n FIGS. 2A, 2B and 2C the speaker or

plurality of speakers 20a, 206 and 20c are preferably arranged
on the backside (see FIGS. 2B and 2C) of a communication
device opposite the microphone 10 on the front side to effect
the sound cancellation. As an example, 11 three speakers 20a,
206 and 20c¢ are used they may be arranged 1n a triangular
pattern that surrounds the microphone that receives the radi-
ating sound waves from the source as illustrated in FIGS. 2B
and 2C.

Referring now to FIGS. 4A and 4B, there 1s shown the
present invention being used with a communication device
such as a hand-held cell phone or walkie-talkie shown in FIG.
A, or a “blue-tooth” communication device shown 1n FIG.
4B. As shown 1n the FIGS. 4A and 4B, each of the two
communication devices recerve and transmit radio signals
from and to the other device and then reproduce the audio
sounds picked up by the other one of the two devices as 1s
represented by the double headed “lighting arrow”™ 28.

FIG. 4B also shows two users 34a and 3454, but illustrates
that with a “blue-tooth” type device the speakers 20aq and 205
may be located a short distance from the sound source. As an
example only, the speaker 20a for the man 34a could be a
lapel pin, and for the woman 345 could be a neck pendant.
However, as discussed above, the speaker 20 1s preferably
located within a quarter wavelength of the frequency of the
sound source. Therefore, although 3400 Hz. 1s the upper end
of the vocal speaking range for the human voice, 1t 1s believed
1000 Hz. will effectively cover the frequency of most human
voices. Therelore, a speaker arrangement spaced about 10
centimeters from the speakers voice will work but may be
somewhat less effective. However, 1 the speaker 20 1s no
farther away than about 2.5 centimeters to cover voices at
3400 Hz., the cancellation effect should be most effective. In
every case, however, for maximum eifect the speaker
arrangement should be as close as possible to the sound
source.

FIG. § shows a proposed circuit diagram of the apparatus of
the present invention. Those elements of FIG. 5 that are
common to FIGS. 1A, 1B, 2A and 2B, such as the microphone
10, the mverter 16, the amplifier 22 and the speaker(s) 20
carry the same reference numbers. In addition, the circuitry
illustrates that when used with a communication device, a
single microphone 10 with a pre-amp circuit 30 may be used
to provide electrical signals representing the source sound to
both the communication device circuitry as show by connec-
tion 32 and the rest of the sound cancellation circuits of the
present mvention. Alternately, both the noise canceling cir-
cuit of the present mvention and a user device such as a
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6

communication device may e¢ach have 1ts own microphone
10a and 105 to provide electrical signals representative of the
source sound waves.

Although the present invention and its advantages have
been described 1n detail, 1t should be understood that various
changes, substitutions and alterations can be made herein
without departing from the spirit and scope of the invention as
defined by the appended claims.

Moreover, the scope of the present application 1s not
intended to be limited to the particular embodiments of the
process, devices or circuitry described in the specification. As
one of ordinary skill 1n the art will readily appreciate from the
disclosure of the present mvention, processes, devices and
clectrical circuits presently existing or later to be developed.,
that perform substantially the same function or achieve sub-
stantially the same result as the corresponding embodiments
described herein may be utilized according to the present
invention. Accordingly, the appended claims are intended to

include within their scope such processes, devices and cir-
cuits

What 1s claimed 1s:

1. Apparatus for reducing selected sounds comprising:

a source for providing source sound waves within a
selected band of frequencies;

a device for recerving said source sound waves and for
generating electrical signals 1n response to said source
sound waves;

circuitry for receiving said electrical signals and for gen-
crating additional electrical signals representative of
said source sound waves, said additional electrical sig-
nals being delayed by at least one complete wave cycle
(360 degrees) up to ten wave cycles plus about 180
degrees with respect to said electrical signals; and

a device for receiving and generating cancellation sound
waves 1n response to said delayed additional electrical
signals, and said device positioned such that said can-
cellation sound waves interfere with said source sound
waves, such that said cancellation sound waves at least
partially cancel said source sound waves and said source
sound waves at least partially cancel said cancellation
sound waves.

2. The apparatus of claim 1 further comprising a user
device for receiving electrical signals representative of said
source sound waves.

3. The apparatus of claim 2 wherein said user device 1s a
device selected from a group consisting of a two-way com-
munication device, a Public Address (PA) system and a
recording device.

4. The apparatus of claim 2 wherein said user device 1s an
audio communication device.

5. The apparatus of claim 4 wherein said audio communi-
cation device 1s a cellular telephone.

6. The apparatus of claim 1 wherein said device for receiv-
ing said source sounds 1s a microphone located on a front
lower portion of said communication device and said device
for generating cancellation sound waves 1s a speaker arrange-
ment on a back side of said communication device such that
said microphone and speaker arrangement are substantially
back-to-back.

7. Two of the audio communication devices of claim 4
wherein said two communication devices are connected to
cach other such that audio sounds that are picked up by the
device for recerving source sounds of one of the two commu-
nication devices are reproduced by the other one of the two
communication devices.
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8. The apparatus of claim 2 wherein said user device further
comprising second circuitry for recerving and processing said
first electrical signals.

9. The apparatus of claim 6 wherein said user device 1s a
cellular telephone.

10. The apparatus of claim 1 wherein said selected band of
frequencies 1s between 300 cycles per second and 3400 cycles
per second.

11. The apparatus of claim 1 wherein said device for gen-
erating cancellation sounds 1s located as close as possible to
said source for providing said source sound waves, but pred-
erably no farther away than about 10 centimeters.

12. The apparatus of claim 1 wherein said device for gen-
erating cancellation sounds 1s located as close as possible to
said source for providing said source sound waves, but no
farther away than about 2.5 centimeters.

13. The apparatus of claim 1 whereimn said source 1s a
human voice.

14. The apparatus of claim 1 wherein said additional elec-
trical signals are delayed no more than said about 180° and
three full wave cycles with respect to said electrical signals.

15. The apparatus of claim 1 wherein said circuitry for
receiving and generating additional electrical signals 1s a
signal inverter.

16. The apparatus of claim 1 further comprising an ampli-
fier for adjusting the amplitude of said additional electrical
signals such that said generated cancellation sound waves
have substantially the same amplitude as said source sound
waves.

17. The apparatus of claim 1 wherein said device for gen-
erating cancellation sound waves 1s a speaker arrangement
positioned adjacent to said source and generates said cancel-
lation sound waves having substantially the same amplitude
that radiates from said speaker arrangement in substantially
the same pattern as said source sound waves.

18. The apparatus of claam 17 wherein said speaker
arrangement for generating cancellation sound waves com-
prises a plurality of speakers surrounding said sound source.

19. The apparatus of claam 18 wherein said speaker
arrangement comprises three speakers.

20. Apparatus for reducing sounds of a conversation that
can be overheard while using a communication device com-
prising;

a source for providing source sound waves having frequen-
cies between 300 cycles per second and 3400 cycles per
second;

a device for recewving said source sound waves and for
generating electrical signals in response to said source
sound waves:

a communication device for recerving said electrical sig-
nals representing said source sound waves;

circuitry for recerving said electrical signals and for gen-
crating additional electrical signals representative of
said source sound waves, said additional electrical sig-
nals being delayed by at least one complete wave cycle
(360 degrees) up to ten wave cycles plus about 180
degrees with respect to said electrical signals; and

at least one speaker positioned no more than 10 centimeters
from said source of said waves for recerving and gener-
ating cancellation sound waves 1n response to said addi-
tional electrical signals, and said at least one speaker
positioned such that said cancellation sound waves inter-
tere with said source sound waves and said cancellation
sound waves at least partially cancel said source sound
waves and said source sound waves at least partially
cancel said cancellation sound waves.

21. The apparatus of claim 20 wherein said communication

device 1s a cellular telephone.
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22. The apparatus of claim 20 wherein said speaker 1s
located within 2.5 centimeters of said source of said sound
waves.

23. The apparatus of claim 20 wherein said additional
clectrical signals are about 180° plus no more than three wave
cycles out of phase with respect to said electrical signals.

24. A method for reducing selected sounds comprising:

providing source sound waves at a selected point in space

and within a selected band of frequencies;

generating electrical signals representative of said source

sound waves:

recerving said electrical signals and generating additional

or second electrical signals representative of said source
sounds wave;

delaying said additional electrical signals by at least one

complete wave cycle (360 degrees) up to ten wave cycles
plus about 180 degrees with respect to said electrical

signals;

generating cancellation sound waves 1n response to said
second electrical signals, said cancellation sound waves
being generated at a location no farther away than 10
centimeters from said point in space such that said
source sound waves are at least partially cancelled by
said cancellation sound waves and said cancellation
sound waves are at least partially cancelled by sad
source sound waves.

25. The method of claim 24 further comprising providing
the source sounds to a communication device.

26. The method of claim 25 wherein said communication
device 1s a cellular telephone.

277. The method of claim 24 wherein said band of frequen-
cies are between about 300 Hz and about 3400 Hz.

28. The method of claim 24 wherein said source sound
waves are produced by a person speaking and said cancella-
tion sounds are generated by a speaker located proximate the
mouth of said person speaking.

29. The method of claim 24 wherein said step of generating
second or additional electrical signals comprises mverting
said electrical signals to generate said additional electrical
signals.

30. The apparatus of claim 24 wherein said additional
clectrical signals are about 180° plus no more than three wave
cycles out of phase with respect to said electrical signals.

31. A method for reducing sounds of a conversation that
can be overheard while using a communication device com-
prising;

providing source sound waves from a source having ire-

quencies between 300 cycles per second and 3400 cycles
per second;

recerving said source sound waves and generating electri-

cal signals representative of said source sound waves;
providing said electrical signals representing said source
sound waves to a communication device;

recerving said electrical signals and generating second or

additional electrical signals representative of said source
sound waves;

delaying said second or additional electrical signals by at

least one complete wave cycle (360 degrees) up to ten
wave cycles plus about 180 degrees with respect to said
clectrical signals; and

providing at least one audio speaker adjacent said source

and generating cancellation sound waves 1n response to
said additional electrical signals, and said at least one
speaker positioned within 10 centimeters from said
source of said sound waves such that said cancellation
sound waves interfere with said source sound waves and
said cancellation sound waves at least partially cancel
said source sound waves and said source sound waves at
least partially cancel said cancellation sound waves.
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